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STRACT: It is now clear that the major identified risk factor for the

matow bowel diseases (IBDs) is a positive family history. Furthermore, the
ble data in spouses and twins mdmate that the genetic susceptibility is due

e measure to sha:ed familial p ition. This emphasizes the impor-
"'tdenttfymg the actual familial susceptibilities. Given the data for
opathogenetic etiologies in the genesis of IBD, the logical candidate genes
ﬂm:ha: involve the immune system. Data for several of these gene marker
ms have been considered confusing or inconclusive. When approached with
concept that IBD is a genetically heterogeneous group of disorders, patterns
re beginning to emerge for the human lymphocyte antigen class II region genes
n chromosome 6, and the complement C3 gene on chromosome 19. Available
o not yet implicate the immunoglobulin or T cell receptor genes, but
studies are needed, especially for the latter. Firm identification of genetic
ribilities will require the study of an adequate number of families, which is
facilitated by the establishment of an IBD family-based cell line bank.
i mmn of the genes that predispose to IBD will allow the study of natural
y from 'suscepﬂblhty to clinical disease and, when understood, will provide
m es mdmase therapy and even prevention. Can J Gastroenterol
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de l'intestin

lest maintenant clairement reconnu que des antécédents familiaux
le facteur de risque majeur des maladies inflammatoires de

M)' De plus, les données portant sur les conjoints et les jumeaux
ue la sensibilité générique est due en large partie 2 une prédisposition
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THE MAJOR IDENTIFIED RISK FACTOR
for the inflammatory bowel dis-
eases (IBDs) — Crohn's disease and ul-
cerative colitis — is genetic suscep-
tibility. It is the purpose of this paper
first to document this statement;
second, to review the progress in iden-
tifying certain of the predisposing
genes; and third, to propose strategies
for maximizing the success of this effort.

However, before attempting any of
the above, it is useful to emphasize the
importance of identifying such suscep-
tibility genes. Currently therapy for
Crohn’s disease and ulcerative colitis is
supportive and nonspecific. To develop
truly specific therapies for the various
forms of IBD, a much better under-
standing will be needed of the etio-
pathogenetic pathways from genetic
susceptibility to clinical disease.
Knowledge of the specific genes will
suggest specific etiologic mechanisms.
Possibly even more important, it is
quite likely when a patient presents
clinically with 1BD that the immuno-
pathogenetic mechanisms have been in
place for a considerable time. To
proceed to disease prevention then,
this preclinical natural history must be
characterized, and this will only be pos-
sible when the means exist to identify
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génétique partagée. Compte tenu des connaissances relatives aux facteurs
lmmunopathogénétzques a l'oeuvre dans la genése des MII, les génes candidats
logiques sont ceux qui impliquent le systéme immunitaire. Les données que I'on
détient sur ces marqueurs génétiques ont été jugées déroutantes ou peu concluan-
tes. Quand on part de 'hypothése que les MII sont un groupe d’affections
génétiquement hétérogénes, certains schémas commencent & émerger pour les
génes de la région des antigénes HLA de classe 11 localisés sur le 6e chromosome
et pour le géne du complément C3 sur le chromosome 19. Les données actuelles
n'incriminent pas l'immunoglobuline ou les récepteurs des cellules T, mais il est
nécessaire de procéder a des études plus approfondies, surtout dans le dernier cas.
La reconnaissance formelle des sensibilités génétiques reposera sur I'étude d'un
nombre adéquat de familles, ce qui est en train d’étre facilité par I'établissement
d'une banque de souches cellulaires issues de familles atteintes de MIL. L'identi-
fication des génes qui prédisposent aux MII permettra d'érudier I'histoire natu-
relle, de la sensibilité a la maladie clinique; une fois comprise, elle donnera lieu
4 de nouvelles fagons d’aborder le traitement et méme la prévention de la

maladie.

patients who are genetically suscep-
tible. In order to do this, the specific
susceptibility genes must be identified.

EVIDENCE FOR GENETIC
FACTORS

First, what is the evidence for gen-
etic susceptibility to IBD? A number of
studies have reported an increased fre-
quency of positive family histories of
IBD among cases of IBD) compared to
controls, ‘with a range of 10 o 20%
(1,2). While these data clearly indicate
an increased family aggregation, there
are methods of reporting family history
data that provide greater information
than just the presence or absence of a
positive family history. Data can be re-
ported as empiric recurrence risks to
various classes of relatives, eg, the ac-
tual risks to siblings and offspring
(Table 1) (1). These empiric data are
necessary for genetic counseling and
mathematical modelling. However,
since IBD consists of diseases with vari-
able and late ages of onset, the most
useful data for genetic counseling and
modelling are empiric risks that have

TABLE 1
Inflammatory bowel disease em-
piric risks for relatives
Age-

Uncorrected”  adijusted'
Siblings 210 5% 810 9%
Offspring 1to 5% 8to 9%
Parents 2to 5% 3to 4%

‘Range of available studies; 'Los Angeles, Ash-
kenazi Jews. (Derived from reference 1)
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been adjusted for the ages of the rela-
tives at risk, thus creating lifetime age-
adjusted risks. These have recently
been reported in one study, but much
more data of this type are needed
(Table 1).

Even with these data, however, cer-
tain conclusions can be drawn. First,
epidemiologically, having a first degree
relative with IBD is clearly both the
best established and well known risk
factor for IBD, with a frequency of dis-
ease in first degree relatives 30- to 100-
fold greater than that in the general
population. Second, if this aggregation
is due to genetic factors, then at least
one simple mode of inheritance can be
rejected. The observation that age-ad-
justed empiric risks for siblings and off-
spring are of the same magnitude are
incompatible with a straightforward re-
cessive model of inheritance, even with
reduced penetrance. Third, the familial
aggregation data indicate that at least
some forms of Crohn’s disease and ul-
cerative colitis are genetically related,
since the increased risk in many fami-
lies is for both ulcerative colitis and
Crohn's, regardless of the form of the
disease in the index case.

Familial aggregation, of course, can
have both genetic and environmental
causes. There are at least four lines of
evidence that indicate that increased
familial aggregation has a significant
genetic component. One is the preva-
lence of IBD among spouses of IBD
patients (2,3). The available data indi-
cate that the prevalence in spouses is

TABLE 2

Concordance rates for inflam-
matory bowel disease in mono-
zygotic and dizygotic twins

Monozygotic  Dizygotic
o T %)
Crohn's 67% (43) 8% (37)
disease
Ulcerative 20% (30) 0% (31D
colitis

n Number of patients. (Derived from reference 3)

equivalent to that in the general popu-
lation. The second line of evidence is
the numerous instances of affecred rela-
tives whose disease onset is completely
separated geographically and temporal-
ly from other affected family members
(4). The third line of evidence is the
identification of several genetic syn-
dromes that feature an increased fre-
quency of IBD, including several
immunodeficiency disorders, Turner’s
syndrome and the Hermansky-Pudlak
syndrome (3,5-7).

Finally, the fourth line of evidence is
the increased concordance of IBD in
monozygotic twins (who share all
genes) versus dizygotic twins (who are
genetically equivalent to siblings)
(Table 2) (3,8). What is also notewor-
thy regarding the latter is that the con-
cordance rate in dizygotic twins is of
the same order of magnitude as that in
siblings. Thus the twin data not only
indicate that genetic factors account
for the majority of the familial aggrega-
tion, but that even within families it is
the shared genes rather than shared en-
vironment that determines who even-
tually develops IBD.

It is clear, however, that genetic sus-
ceptibility to IBD is quite complex. The
family aggregation does not fit any
simple Mendelian mode of inheritance.
Theoretical possibilities include Men-
delian susceptibility with reduced
penetrance, multifactorial/polygenic
inheritance (many genes of small effect
acting together in an additive fashion),
multilocus (two or more major genes
acting together), and genetic hetero-
geneity (different genetic forms of the
disease, each of which could be due to
any of the above genetic mechanisms).
Distinguishing clearly between these
possibilities will require identification
of the actual genes.
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METHODS OF IDENTIFYING
SUSCEPTIBILITY GENES

In order to fully use the information
that the major risk factors for IBD are
genetic  susceptibilities, the actual
genes that provide that susceptibility
must be identified. Fundamentally
there are two basic paradigms for iden-
tifying genes that predispose to any dis-
ease (9). One is to start from the known
pathophysiology of the disorder, also
referred to as the phenotype, and work
down towards identification of the ac-
tual gene. An excellent example of this
approach is the work of Goldstein and
Brown (10) in identifying defects in the
gene for the low density lipoprotein
receptor as the genetic defect in
familial  hypercholesterolemia, a
dominant form of coronary heart dis-
ease. Similar approaches in IBD in-
clude ongoing studies within families of
such pathophysiologic abnormalities as
autoantibodies, intestinal permeability
and colonic mucins (11,12).

The other basic paradigm is to start
with known genes, also referred to as
the genotype, and work upward towards
identifying the responsible gene or
genes by using the known genes as gene
markers in population association or
family linkage studies. One of the
greatest recent successes of this ap-
proach was the identification of the
gene for cystic fibrosis (13). The gene
marker approaches will be discussed
further.

The gene marker approach takes ad-
vantage of known variation of iden-
tified genes. The location of the gene is
called the gene locus. The wvariant
forms of the gene are called alleles. If
variation of a gene is common, it is
called polymorphic. There are two
basic types of studies. In one, the fre-
quency of specific alleles are compared
between cases with a disease, ie, IBD,
and controls. This is termed an ‘associa-
tion study’. In the other, the alleles of
the marker gene are traced through a
family and compared with the trans-
mission of clinical disease. If the marker
gene and clinical disease are trans-
mitted together (co-segregate), this is
termed ‘linkage’.

There are also two categories of gene
markers. One is random markers that

have no hypothesized relationship to
the disease under study. With modern
molecular techniques, a sufficient num-
ber of these exist to include all human
chromosomes. This is a ‘brute force’
strategy for gene localization, but it has
had notable success for a number of
Mendelian genetic disorders, cystic
fibrosis already being mentioned as an
outstanding example.

However, the success of the random
gene approach has been limited to
Mendelian disorders. As was already
noted, familial aggregation of the
various forms of IBD is considerably
more complex. An alternative ap-
proach is to use gene markers from
genes of known function, termed a
‘candidate’ (as opposed to random)
gene approach. Given the large amount
of data for immunopathogenic proces-
ses in the various forms of IBD, the
logical candidate genes are those in-
volving the immune system. The im-
munologic candidate genes that are
being actively explored in IBD are
listed in Table 3, along with their
chromosomal locations. Many of these
genes are responsible for the diversity of
the immune system’s responses. This
list is by no means all-inclusive, and
additional possibilities include various
immunologic mediators and growth
factors such as the interleukins.

THE HLA GENE COMPLEX

There have been a number of studies
of the human lymphocyte antigen
(HLA) region and IBD, and the results
are often considered equivocal and
confusing (3). The majority of these
studies have had a number of limita-
tions. Most have been association

studies, and the majority have studied
only the HLA class I loci (the A, B and

Immunogenetic susceptibilities in IBD

TABLE 3
Candidate immunogenes for inflam-
matory bowel disease

Gene Chromosome
HLA complex 6
(includes class Il genes
such as DR, DQ and DP)

Complement (C2, C4, BN 6
Complement (C3) 19
GM 14
KM 2
T cell receptor
Alpha chain 14
Beta chain 7

HLA Human lymphocyte antigen; GM Immuno-
globin heavy chain allotype; KM Immuno-
globin light chain allotype

C loci). However, it would be an-
ticipated that the class II HLA genes
(DR, DQ and DP), responsible for
development of the immune response
to an antigen, would be of greater inter-
est. In fact, when the available DR
typing studies are reviewed in the ag-
gregate, some interesting patterns are
apparent. Of the six reported studies of
HLA-DR and ulcerative colitis, in four
there is an increased frequency of the
DR2 allele among ulcerative colitis
patients (Table 4) (14-19). Not all of
the differences reach statistical sig-
nificance, and the strongest result is
observed in the Japanese study. The
data in the aggregate suggest that there
may well be a subset of ulcerative colitis
with a relationship to DR2, that the
frequency of this subset varies among
different populations, and that it may
have its highest frequency among the
more homogeneous Japanese popula-
tion. This relationship to DR2 may also
explain the familial association be-
tween IBD and multiple sclerosis (20).
With regard to Crohn's disease, less of
a pattern has emerged. Of six reported

TABLE 4

HLA-DR2 association and ulcerative colitis

Study (reference) Ulcerative colitis Controls
Asakura et al (1982)* (14) 70% (28/40) 31%(16/51)
Smolen et al (1982) (15) 37% (11/30) 20% (25/125)
McConnell et al (1983) (16) 46% (14/31) 30% (15/49)
Burnham et al (1981) (17) 24%(18/75) 36% (179/500)
Cottone et al (1985) (18) 23% (11/46) 31% (52/169)
Caruso et al (1985) (19) 32% (13/41) 17% (25/151)

*P<0.01
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association studies with HLA-DR, a
clear association was reported in only
one study with HLA-DR4, again
Japanese (3,21). However, of interest is
that molecular studies of the HLA
region have tentatively observed that
Caucasian patients with Crohn’s dis-
ease who by serologic typing are HLA-
DR4 had a significantly higher
frequency of a specific HLA-DQ DNA
fragments (22). These data suggest that
there are possible subsets of Crohn’s
disease, one of which has an HLA as-
sociation, is disproportionately repre-
sented in the Japanese population, and
may be identified in the more hetero-
geneous Caucasian population by a
specific molecular DR-D(Q) haplotype.

The more powerful merthod to ex-
amine the relationship of a genetic
locus to a disease is that of genetic
linkage. In linkage studies one asks
whether the gene marker and the dis-
ease are transmitted together within
families. Linkage studies are important
because linkage may be observed even
when population associations are ab-
sent. More importantly, if linkage is
found (with or without an association),
then a‘major gene for thar disease has
been identified.

Linkage studies are conducted in
families with multiple affected mem-
bers. In the case of classic genetic dis-
eases that are inherited in a Mendelian
mode, extensive parametric linkage
analysis methods and programs have
been developed (these are called
parametric because certain parameters,
the mode of inheritance, are known).
In diseases such as IBD that are not
inherited in Mendelian fashion and for
which the mode of inheritance is un-
known, other analytical methods have
been developed. These methods are
termed ‘nonparametric’ and basically
use for linkage assessment only the in-
formation obtained from the affected
individuals in the pedigree. The most
common method is the ‘sibpair’
method and its various extensions. This
method has been applied most exten-
sively for HLA-associated diseases, as
the approach is most powerful when a
marker system is highly polymorphic,
true for the HLA gene complex. How-
ever, the sibpair method alone is not
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very powerful in the face of genetic
heterogeneity, ie, linked and unlinked
forms. More recently, new methods of
nonparametric  linkage  analysis
methods are being developed in which
data derived from information on
marker concordance in more distant
pairs of blood relatives affected with
the disease can be used (23, 24).

Several HLA haplotype linkage
studies have been conducred in families
with multiple affected members with
IBD. Of seven studies of HLA linkage
(ie, testing co-segregation of entire
HLA haplotypes and IBD together
within family groups), four observed in-
creased haplotype sharing among af-
fected siblings, while three could find
no evidence for haplotype sharing (3).
The difficulty with these prior studies is
that methods using sibpair data alone
are not sensitive to the problem of dis-
ease heterogeneity. If there are forms of
IBD linked to the HLA region and
others which are not, then non-
parametric linkage methods which
depend on sibpairs alone may not be
powerful enough to identify linkage. A
family haplotype study, applying a non-
parametric linkage method which does
not use sibpairs alone, but other more
distant relatives as well, does provide
evidence for linkage of HLA with IBD,
as does the re-analysis of the above
family data (23). In the light of these
latter analyses, it is possible that the
prior inconclusive results with sibpair
data alone reflect heterogeneity of
genetic susceptibility. Thus these latter
linkage results support the concept
raised in association studies of genetic
heterogeneity. These data suggest that
IBD, and even Crohn’s disease and ul-
cerative colitis, are not single diseases,
and that there is a subset of patients
defined by a combination of serologic
and molecular methods in which the
disease is linked to the HLA complex
(and also a subset which does not in-
volve the HLA region).

THE COMPLEMENT SYSTEM
AND IBD
The complement system plays a
major role in the immune response.
The association of IBD with rare com-
plement deficiencies suggests that its

role may even be fundamental, at least
in a subgroup of IBD patients (2,3).
Recent evidence supporting this con-
cept includes the observation of en-
hanced local production of comple-
ment components in the small
intestine of patients with Crohn’s dis-
ease (25). Furthermore, the recent
proposal that the pathogenesis of
Crohn's disease is mediated by multifo-
cal gastrointestinal infarction is also
consistent with a  complement-
mediated process (26).

The available genetic data, though
still meager, suggest that genetic sus-
ceptibility provided by complement
genes may differ among Crohn's
patients, ie, genetic heterogeneity.
This includes both funcrional and gene
marker studies. In a study of Crohn’s
disease patients and their clinically un-
affected first degree relatives, Elmgreen
and co-workers (27) observed that 38%
of cases and 18% of relatives showed
abnormal generation of chemotactic
activity and decreased use of C3 (the
third component of complement) by
the alternative complement pathway.
All of the relatives with C3 abnor-
malities were related to probands with
similar abnormalities, suggesting that:
the abnormalities are not simply secon-
dary to the Crohn’s disease; the abnor-
malities are familial; and since these
occurred only in some families and not
others, these abnormalities predispose
in only a subset of Crohn's disease.
These abnormalities were not found in
ulcerative colitis patients. Using a gene
marker association approach, the same
investigative group reported an associa-
tion of a C3 polymorphism in a series of
Crohn'’s disease patients (28). In this
series, the ‘F" and ‘FS’ phenotypes oc-
curred significantly more often in
Crohn's disease patients than in either
ulcerative colitis patients or normal
controls.  Further  arguing  for
heterogeneity, the gene frequency of
the ‘F’ allele was 0.33 in Crohn's dis-
ease with small bowel involvement
only, 0.23 in all Crohn's disease
patients, 0.18 in ulcerative colitis
patients, and 0.17 in healthy volun-
teers. The author has preliminary un-
published data of a similar nature in an
entirely separate Caucasian popula-
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TABLE 5

Strategies for genetic studies of inflammatory bowel disease

Strategy

Requirements

Establish a family cell line bank as a DNA  Large number of families with multiple

resource

Explore specific candidate genes in
ssocloﬂon and linkage studies

Study pathophysiological abnormalities
in relatives

Use genetic and subclinical markers to
identify relatives at risk for studies of
natural history

members affected with IBD

Case control and family material,

specific genes cloned

Families of affected

Family members of affected studied over

fime

tion. These data not only suggest that
there may be genetic etiologic differen-
ces between ulcerative colitis and
Crohn’s disease, but also hetween
Crohn’s disease with and without
colonic involvement.

OTHER IMMUNOGENETIC
LOCI

Other candidate loci include genes
that determine variability in both im-
‘munoglobulins and T cell receprors.
The available data are not large, and
have consisted mainly of association
studies (29,30). The available data do

not as yet clearly implicate these

ACKNOWLEDGEMENTS: This study
‘was supported by National Institute of
‘Health Inflammatory Bowel Disease Center
grant DK36200, and grants from the Stuart
Foundations and the National Foundation

for Ileitis and Colitis.

'REFERENCES

1. Rath M-P, Petersen GM, McElree C,
Vadheim CM, Panish JF, Rotter J1.
Familial recurrence risk estimates of
inflammatory bowel disease in
Ashkenazi Jews. Gastroenterology
1989;96:1016-20.

2. McConnell RB, Vadheim CM. Inflam-
matory bowel disease. In: King RA,
Ratter ]I, Motulsky AG, eds. The
Genetic Basis of Common Diseases.
New York: Oxford University Press.
(In press)

3. Shohat T, Vadheim CM, Rotter J1.

The genetics of inflammarory bowel
diseases. In: Gitnick G, ed. Inflam-
matory Bowel Diseases: A Physician's
Guide. New York: Igaku-Shoin. (In
press)

4. Kirsner JB. Genertic aspects of inflam-
matory bowel disease. Clin

- Gastroenterol 1973;2:557-76.

5. Arulanantham K, Kramer MS,

genetic regions. But it must be em-
phasized that appropriate family
linkage studies need to be conducted
and analyzed by methods which can
test for linkage in the face of generic
heterogeneity.

DIRECTIONS OF GENETIC
STUDIES

It should be apparent from the data
reviewed herein that to increase signi-
ficantly present understanding of the
genetics of the various diseases that
comprise IBD, we must improve our
understanding of the actual genetic sus-
ceptibilities. There are a number of dis-

Gryboski JD. The association of inflam-
matory bowel disease and X
chromosomal abnormality. Pediatrics
1980;66:63-7.

6. Schinella RA, Greco A, Cobert BL,
Denmark LW, Cox RP. Hermansky-
Pudlak syndrome with granulomatous
colitis. Ann Intern Med 1980;92:20-3.

7. Shanahan F, Randolph L, King R,
et al. The Hermansky-Pudlak
syndrome: An immunological assess-
ment in 15 cases. Am ] Med
1988;85:823-8.

8. Tysk C, Lindberg E, Jarnerot G,
Floderus-Myrhed B. Ulcerative colitis
and Crohn's disease in an unselected
population of monozygotic and
dizygotic twins. A study of heritability
and the influence of smoking. Gut
1988;29:990-6.

9. King RA, Rotter ]I, Motulsky AG. The
approach to genetic bases of common
diseases. In: King RA, Rotter ]I,
Motulsky AG, eds. Genetic Basis of
Common Diseases. New York: Oxford
University Press. (In press)

10. Brown MS, Goldstein JL. A receptor
mediated pathway for cholesterol
homeostasis. Science 1986;232:34-47.

L1. Hollander D, Vadheim CM, Brettholz
E, Petersen GM, Delahunty T, Rotter

JL. Increased intestinal permeability in

~ CAN ] GASTROENTEROL VOL 4 NO 7 NOVEMBER 1990

Immunogenetic susceptibilities in IBD

tinct strategies that will add to current
genetic knowledge. These are outlined
in Table 5. These strategies will be
greatly facilitated by the establishment
of certain resources. One of the most
important of these resources is a cell
line bank consisting of cell lines and
DNA from IBD patients, families and
appropriate controls. In fact, such a
resource is being established at Cedars-
Sinai Medical Center in Los Angeles,
with the support of the National Foun-
dation for lIleitis and Colitis. This
resource should facilitate gene marker
and linkage studies. The identification
of specific genes for IBD will suggest
new etiologic mechanisms and innova-
tive therapies. In addition, with the
identification of the specific genes that
predispose to IBD, the investigative
community will then be able to con-
duct prospective studies of disease
natural history and determine what
converts genetic susceptibility into
clinical disease. This should lead even-
tually to the development of therapies
for disease prevention for what are cur-
rently among the most problematic of
the gastrointestinal disorders.

Crohn's parients and their relatives:
An etiological factor! Ann Intern Med
1986;105:883-5.

12. Rotter ]I, Shohat T, Vadheim CM.

Is IBD a penetic disease? In:
Rachmilewirz D, Zimmerman |, eds.
Inflammatory Bowel Diseases 1990.
The Netherlands: Kluwer Academic
Publishers, 1990:5-18.

13. Rommens JM, lannuzzi MC, Kerem B,
et al. Identification of the cystic
fibrosis gene: Chromosome walking
and jumping. Science 1989;245:1059-
65

14. Asakura H, Tsuchiya M, Aiso S, et al.
Association of human lymphocyte-
DR2Z antigen with Japanese ulcerative
colitis. Gastroenterology 1982;82:413-
8.

15. Smolen JS, Gangl A, Polterauer P,
Menzel E], Mayr WR. HLA antigens
in inflammatory bowel disease.
Gastroenterology 1982;82:34-8.

16. McConnell RB. Ulcerative colitis —
Genetics features. Scand ]
Gastroenterol 1983;18(Suppl 88):14-1.

17. Bumham WR, Gelsthorpe K,
Langman M]S. HLA-D related anti-
gens in inflammatory bowel disease. In:
Pena AS, Weterman IT, Booth CC,
Strober W, eds. Recent Advances in
Crohn’s Disease. The Hague: Martinus

265



ROTTER

18.

20.

2L

22

Nijhoff, 1981:192-6.

Cottone M, Bunce M, Taylor CJ,
Ting A, Jewell DP. Ulcerative colitis
and HLA phenotype. Gut
1985;26:952-4.

. Caruso C, Palmeri P, Oliva L, Orlando

A, Cottone M. HLA antigens in ulcera-
tive colitis: A study in the Sicilian
population. Tissue Antigens
1985;25:47-9.

Sadovnick AD, Paty DW, Yanna-
koulias G. Concurrence of multiple
sclerosis and inflammatory bowel dis-
ease. N Engl | Med 1989;321:762-3.
Fujita K, Naito S, Okabe N, Yao T.
Immunological studies in Crohn's dis-
ease. |. Association with HLA systems
in the Japanese. ] Clin Lab Immunol
1984;14:99-102.

Toyoda H, Redford A, McElree CK,
Shanahan F, Targan S, Rotter J1.
Association of a 1.9 kb HLA-DQ beta

23.

24.

25.

26.

21.

fragment with Crohn's disease.
Gastroenterology 1989;96:A514.
Shohat T, Cantor RM, Tyan D,
McElree K, Rotter J1. Evidence for
linkage to HLA in familial IBD. Am ]
Hum Genet 1989;45:A248.

Risch N. Linkage strategies for geneti-
cally complex traits. [1. The power of
affected relative pairs. Am ] Hum
Genet 1990;46:229-41.

Ahrenstedt O, Knutson L, Nilsson B,
Nilsson-Ekdahl K, Odlind B, Hallgren
R. Enhanced local production of com-
plement components in the small intes-
tines of patients with Crohn’s disease.
N Engl ] Med 1990;322:1345-9.
Wakefield AJ, Sawyerr AM, Dhillon
AP, et al. Pathogenesis of Crohn’s dis-
ease: Multifocal gastrointestinal infarc-
tion. Lancet 1989;ii:1057-62.
Elmgreen ], Both H, Binder V.

Familial occurrence of complement dys-

28.

29.

30.

function in Crohn's disease: Correla-
tion with intestinal symptoms and hy-
percataholism of complement. Gut
1985;26:151-7.

Elmgreen ], Srensen H, Berkowicz A.
Polymorphism of complement C3 in
chronic inflammatory bowel disease.
Predominance of the C3F gene in
Crohn's disease. Acta Med Scand
1984:215:375-8.

Gudjonsson H, Schanfield MS,
Albertini R}, McAuliffe TL, Beeken
WL, Krawitt EL. Associarion and
linkage studies of immunoglobulin
heavy chain allotypes in inflammataory
bowel disease. Tissue Antigens
1988;31:243-9.

Randolph LM, Toyoda H, McElree CK,
Shanahan F, Targan SP, Rotter JI. Ab-
sence of the Eco RV T-cell receptor
alpha-chain 10-kb RFLP in ulcerative
colitis. Gastroenterology 1989;7:1115-20.

266

CAN ] GASTROENTEROL VOL 4 NO 7 NOVEMBER 1990



MEDIATORS
INFLAMMATION

The Scientific Gastroenterology Fi o Journal of
World Journal Research and Practice Diabetes Research

Journal of International Journal of

Immunology Research Endocrinology

Hindawi

Submit your manuscripts at
http://www.hindawi.com

BioMed
Research International

PPAR Research

Journal of
Obesity

AL
@

Evidence-Based b ‘
Stem Ce' |S Complementary and - 4 < 3 = Journal of
International Alternative Medicine & Oncology

oot oume 014

Journal of

Ophthalmology

Parkinson’s
Disease

. <
l-r/

e .

: o .
Ly,

| i

Behavioural Oxidative Medicine and

Neu I’O|Ogy Research and Treatment Cellular Longevity

Computational and
Mathematical Methods
in Medicine




